Concussion or mild traumatic brain injury (MTBI) is a pathophysiologic process affecting the brain induced by direct or indirect biomechanical forces.^[@bibr13-1941738112467755]^ Currently, the estimated number of concussions in the United States ranges between 1.6 and 3.8 million cases per year.^[@bibr3-1941738112467755],[@bibr22-1941738112467755]^ Many concussions are undiagnosed, underdiagnosed, or not reported and remain untreated. There is no "reference standard" diagnostic tool for concussion.^[@bibr2-1941738112467755],[@bibr3-1941738112467755]^ Imaging tools (computed tomography scan and magnetic resonance imaging) lack sensitivity to diagnose concussion as well.^[@bibr17-1941738112467755]^ Without the proper diagnosis and treatment of concussion, a patient may suffer from more severe symptoms and can even sustain further brain injury if subsequent injury follows the initial incident.^[@bibr4-1941738112467755][@bibr5-1941738112467755]-[@bibr6-1941738112467755],[@bibr14-1941738112467755][@bibr15-1941738112467755]-[@bibr16-1941738112467755],[@bibr20-1941738112467755],[@bibr23-1941738112467755],[@bibr24-1941738112467755]^

A wide variety of symptoms exists for patients with concussion. Subjective symptoms include headache, dizziness, nausea or vomiting, vision changes, sensitivity to light or noise, difficulty concentrating, tinnitus, drowsiness, feeling "foggy," sadness, and hallucinations.^[@bibr8-1941738112467755],[@bibr21-1941738112467755]^ Individuals can also exhibit objective signs: loss of consciousness, amnesia, disorientation, appearing dazed or acting confused, forgetfulness, poor coordination, inappropriate displays of emotion, personality change, seizure, and slowed speech.^[@bibr8-1941738112467755],[@bibr22-1941738112467755]^

Another objective sign exhibited by individuals with concussion is decreased postural control.^[@bibr11-1941738112467755],[@bibr23-1941738112467755]^ Postural control markedly decreases in concussion when the eyes are closed, eliminating visual referencing.^[@bibr26-1941738112467755]^ Athletes sustaining a concussion exhibit sensory interaction problems with an inability to process altered sensory information.^[@bibr11-1941738112467755]^ This results in decreased postural stability, which can last up to 3 days after the injury.^[@bibr3-1941738112467755],[@bibr11-1941738112467755],[@bibr26-1941738112467755]^

To assess a change in postural control, an individual baseline reference score is required. A memorandum, issued in 2010 by the National Collegiate Athletic Association (NCAA), indicates that baseline testing should be performed on athletes in most sports prior to preseason training to determine individual baseline scores. Minimum baseline assessments should include a balance assessment.^[@bibr7-1941738112467755]^ The post-injury clinical evaluation should also include the same assessments. Comparison of post-injury results against the baseline scores, along with a physical assessment, is required for further treatment or return-to-play decisions.^[@bibr3-1941738112467755]^

The National Athletic Trainers Association and the NCAA both recommend that the Balance Error Scoring System (BESS) be used when performing an on-field assessment following a suspected concussion.^[@bibr7-1941738112467755],[@bibr12-1941738112467755]^ The Defense and Veterans Brain Injury Center Working Group has also recommended using the BESS for soldiers.^[@bibr14-1941738112467755]^ The BESS is a static postural stability screen based on the Romberg test and other balance theories.^[@bibr24-1941738112467755],[@bibr25-1941738112467755]^ The sensitivity of the BESS for concussion, however, is 0.34 immediately following the injury. Sensitivity further decreases to 0.16 to 0.24 at 1 to 3 days, while specificity remains ≥ 0.91 through 7 days.^[@bibr18-1941738112467755]^

When comparing post-injury BESS scores, the difference must be weighed against the known reliable change index (RCI) or minimum detectable change (MDC) values. Finnoff et al^[@bibr9-1941738112467755]^ reported that the interrater and intrarater MDC in a normal population were 9.4 and 7.3, respectively, with a 95% confidence interval (CI). Valovich McLeod et al^[@bibr29-1941738112467755]^ established an RCI of +3 or −7 with a 70% confidence interval. That study, however, was performed on children between the ages of 9 and 14 years.

Adult participants can learn to improve their performance on balance equipment with repeated trials.^[@bibr31-1941738112467755]^ Balance scores (BESS) return to baseline 3 weeks after the last assessment in high school athletes.^[@bibr30-1941738112467755]^ This study did not cite MDC or RCI parameters.

If the athlete retains a practice effect, it could render the balance assessment inaccurate, thus potentially allowing the athlete to return to play before recovery is complete. Since there is a paucity of data determining the length of learned response in collegiate athletes, the authors questioned whether the length of time required for scores to return to baseline would be similar to that for high school athletes. The authors hypothesized that the college-aged adult participants performing the BESS would have a learned response at 1 to 2 weeks but would have no change from baseline at 3 weeks from the last assessment.^[@bibr30-1941738112467755]^

Methods {#section8-1941738112467755}
=======

A convenience sample of 84 participants was recruited by word-of-mouth for this study. The target population was young adults, aged 18 to 26 years old. Exclusion criteria included pregnancy and history of head injury within the past 6 months since these factors had the potential to introduce confounding effects. Corresponding Institutional Review Boards approved the study. Prior to participation, each subject read and signed an informed consent form.

The participants were randomly assigned to 1 of 3 groups in a consecutive, fixed order allocation algorithm with a block size of 3 ([Table 1](#table1-1941738112467755){ref-type="table"}). Each participant underwent BESS testing according to their group assignment, allowing the research to be conducted at various intervals to determine the length of learned response in the collegiate athlete population.^[@bibr10-1941738112467755],[@bibr26-1941738112467755]^ Participants assigned to control group underwent testing at baseline and week 4 only. Group 1 and 2 participants underwent testing at week 1 and 2, respectively, in addition to baseline and week 4 testing.

###### 

Schedule of BESS testing by group.

  Test Group   Day 0   Day 7   Day 14   Day 28
  ------------ ------- ------- -------- --------
  Control      X                        X
  Group 1      X       X                X
  Group 2      X               X        X

BESS, Balance Error Scoring System.

Before each trial, the participant completed a questionnaire, which included demographics, history of head injury, disease, inner ear or balance problems, cold or flu symptoms, alcohol or drug use, medication usage, and sleep habits---variables that potentially could affect balance scores.^[@bibr10-1941738112467755],[@bibr27-1941738112467755],[@bibr28-1941738112467755],[@bibr33-1941738112467755]^ The scorers were all familiar with BESS scoring and did not require any review.

The BESS assesses balance during 6 separate 20-second trials. These trials include 3 different stances (double leg, single leg, and tandem) on each of 2 different surfaces (firm and foam). The foam creates an unstable surface. Subjects are asked to stand as still as possible with hands on iliac crests and eyes closed. Testing begins when the subject assumes the proper stance.

The BESS is scored by counting the errors the individual commits during the testing conditions.^[@bibr32-1941738112467755]^ Errors include opening the eyes, removing hands from hips, lifting the heel or forefoot from the testing surface, moving hips more than 30° of flexion or abduction, stepping, stumbling or falling, or staying out of the testing position for more than 5 seconds. Multiple errors occurring at once score 1 point. A lower score indicates fewer errors were committed. "The BESS has established good test-retest reliability and good concurrent validity when compared with laboratory force plate measures."^[@bibr12-1941738112467755]^

Data analysis was also performed via SAS version 9.2 (SAS Institute, Cary, North Carolina) and Minitab 16 (Minitab Statistical Software, State College, Pennsylvania). To examine participant comparability among the 3 groups, the chi-square test compared differences for categorical variables such as sex. Analysis of variance (ANOVA) compared differences among groups for quantitative demographic and baseline variables. Since the primary objective was to determine if the learned response remained at week 4, a paired *t* test compared changes in pretest and posttest BESS score for each group. Paired *t* test was applied at each follow-up testing. ANOVA was also applied to test differences in BESS scores at week 4 and changes from baseline to week 4 among the 3 groups. Analysis of covariance was used to compare changes in BESS score from baseline to week 4 adjusting for baseline BESS score. Proportions of subjects with changes reaching clinically significant levels (determined by MDC) were compared among groups using the chi-square test. A *P* value of \< 0.05 was used to determine the statistical significance in 2-sided testing. There was no prespecified multiple testing adjustment for the pairwise comparisons among groups or over time.

Results {#section9-1941738112467755}
=======

A total of 74 participants (88.1%) completed follow-up testing ([Table 2](#table2-1941738112467755){ref-type="table"}). There was no statistically significant difference among the 3 groups in baseline BESS scores ([Table 3](#table3-1941738112467755){ref-type="table"}).

###### 

Participant demographic data.

                                         Control (n = 27)   Group 1 (n = 24)   Group 2 (n = 23)
  -------------------------------------- ------------------ ------------------ ------------------
  Sex                                    F = 22; M = 5      F = 16; M = 8      F = 17; M = 6
  Mean age, y (SD)                       21.6 (1.52)        20.9 (1.41)        21.6 (1.62)
  Mean height, cm (SD)                   167.8 (7.64)       171.2 (10.69)      169.8 (8.94)
  Mean weight, kg (SD)                   67.7 (13.42)       72.4 (18.29)       68.6 (13.75)
  Mean BMI (SD)                          23.9 3.90)         24.4 (4.07)        23.7 (3.90)
  Mean hours slept previous night (SD)   6.8 (0.62)         6.8 (0.78)         6.5 0.87)
  Baseline BESS score (*P* = 0.432)      10.23 6.71)        11.5 (6.19)        12.6 (6.18)

BESS, Balance Error Scoring System; BMI, Body Mass Index; SD, standard deviation; F, female; M, male.

###### 

Change in BESS Scores.

  Time Interval             Mean Change   95% Confidence Interval
  ------------------------- ------------- --------------------------------------------------------------------------
  0 to 4 weeks -- Control   −2.30         −4.75 to −0.16^[\*](#table-fn4-1941738112467755){ref-type="table-fn"}^
  0 to 4 weeks -- Group 1   −3.12         −4.84 to −1.41^[\*\*](#table-fn5-1941738112467755){ref-type="table-fn"}^
  0 to 4 weeks -- Group 2   −2.57         −5.28 to −0.15^[\*](#table-fn4-1941738112467755){ref-type="table-fn"}^
  0 to 1 week -- Group 1    −2.38         −4.12 to −0.06^[\*\*](#table-fn5-1941738112467755){ref-type="table-fn"}^
  0 to 2 weeks -- Group 2   −4.83         −7.32 to −2.33^[\*\*](#table-fn5-1941738112467755){ref-type="table-fn"}^
  1 to 4 weeks -- Group 1   −0.75         −2.30 to 0.80
  2 to 4 weeks -- Group 2   2.26          0.20 to −4.32

BESS, Balance Error Scoring System.

*P* ≤ 0.05.

*P* ≤ 0.01.

Reductions in BESS score were statistically significant at week 1 and week 2, indicating a learned response ([Table 3](#table3-1941738112467755){ref-type="table"} and [Figure 1](#fig1-1941738112467755){ref-type="fig"}). While Group 2 showed an increase in scores between 2 and 4 weeks, the week 4 score remained lower than baseline (*P* = 0.063). Using the paired t test for each group, the analysis identified statistically significant changes in BESS scores from baseline to week 4 in participants of Group 1. The reductions from baseline to week 4, in the control group and Group 2 approached statistical significance also, even with a relatively small sample size. There were no statistically significant differences between 3 groups for week 4 BESS score (*P* = 0.291) or changes from baseline to week 4 BESS scores (*P* = 0.868). No statistical difference was found among the 3 groups at week 4 and changes from baseline to week 4 BESS scores with adjustment for baseline score through analysis of covariance. Overall, participant score changes from baseline to 4-week follow-up still showed statistically significant or close to significant reduction across the 3 groups, indicating the learned response persisted.

![Change in mean BESS scores from baseline. BESS, Balance Error Scoring System.](10.1177_1941738112467755-fig1){#fig1-1941738112467755}

The number and percentage of participants who achieved a reduction in scores of 7 or greater at each time interval was analyzed to determine the proprotion of participants that had score changes greater than the MDC or RCI, representing a clinical difference in assessment. There was a similar proportion of participants from each group who demonstrated changes in BESS scores of clinical significance based on MDC of 7 or greater ([Table 4](#table4-1941738112467755){ref-type="table"}). Similar proportions were observed in reduction from baseline at week 1 in Group 1 (20.8%) and at week 2 in Group 2 (30.4%).

###### 

Change from baseline in score.

                             Change in BESS Score, %           
  -------------------------- ------------------------- ------- -------
  Group 1 at 4 weeks         66.67                     20.83   8.33
  Group 2 at 4 weeks         78.26                     26.09   13.04
  Control group at 4 weeks   44.44                     22.22   18.52
  Group 1 at 1 week          66.67                     20.83   8.33
  Group 2 at 2 weeks         78.26                     30.43   13.04

BESS, Balance Error Scoring System.

Discussion {#section10-1941738112467755}
==========

The learned response, evidenced by the statistically significant reduction in follow-up scores, did not extinguish after the 4-week study period in college-aged adults. Although the results in this study represent a statistically significant change, it does not represent a clinically significant change, defined as greater than the MDC or RCI. Because of the +3- or RCI at 70% CI or ± 7.3- to 9.4-point MDC at 95% CI, statistically significant changes from baseline scores may not make the test clinically useful.^[@bibr9-1941738112467755],[@bibr29-1941738112467755]^ Because of these large ranges, on a 60-point assessment, the BESS test may not necessarily be sensitive enough to pick up subtle changes in postural control. MDC values of the BESS may need to be reevaluated. Re-examining MDC at each time interval following "practice" may be needed to determine whether the MDC changes with participant experience.

The specificity of the BESS at different intervals has ranged from 0.91 to 0.96.^[@bibr18-1941738112467755]^ Using these data, the positive likelihood ratios range from 1.43 to 7.75, indicating, at best, only a small to moderate shift in probability. Negative likelihood ratios range from 0.72 to 0.97, indicating the test is not significant in altering probability.

When examining the 3 groups in this study, 22.2% of the control group, 20.8% of Group 1, and 26.1% of Group 2 demonstrated a learned response that exceeded MDC and did not return to baseline by the end of the 4-week testing period ([Table 4](#table4-1941738112467755){ref-type="table"}). These findings suggest that the BESS has a potential for a high false negative rate and may have limited usefulness as a screening tool.

If the athlete sustains a concussion before the learned response has extinguished, they may demonstrate a score that is within the MDC of baseline during post-injury testing. Recently, vestibular limitations were noted in athletes who are recovering from concussion.^[@bibr1-1941738112467755]^ Two functions of the vestibular system are postural control and visual fixation while moving the head.^[@bibr19-1941738112467755]^ The BESS is a static test that does not appear to fully assess the visual and dynamic aspects of postural control.

Study limitations include a relatively small sample size (\< 30/group) of healthy subjects and did not include a sample size estimate. In addition, the study did not determine the time required to extinguish the learned response.

Conclusion {#section11-1941738112467755}
==========

This study identified a learned effect of the BESS that does not extinguish after 4 weeks in college-aged individuals. The BESS score reduction from baseline was still statistically significant at week 4 for Group 1. The results demonstrate a potential limitation when using the BESS assessment in collegiate-aged athletes.
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